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LECTURE : AMERICA REVISITED, 1907.

By Sir WILLIAM HENRY PREECE, K.C.B., F.R.S. (Past
President).

(Delivered on March 12, 1908.)

I have visited the United States four times—in 1877, 1884, 1893, and
1907. My first visit was official—to investigate the telegraphic system—
and the result was the introduction of the telephone to this continent.
My second visit was with the British Association to Montreal, but
being invited to the States to attend the American Association at
Philadelphia, I took advantage of my visit there to inspect the pro-
gress made in telegraphs, telephones, and electrical industry generally.
My third visit was as a British Commissioner to the World's Fair, at
Chicago, and again I was able, through the great kindness of our
American friends, to overhaul the progress made in our profession.

My last and recent visit was as the guest of Mr; Andrew Carnegie, to
assist in the dedication of his great gift to Pittsburg—the Carnegie
Institute—by which education, art, science, and engineering will
receive a great increment of propelling force in America. The previous
visits were duly reported to this Institution, and will be found in the
printed proceedings for each of the years mentioned.* I propose now
repeating the same operation upon my visit in April, 1907.

I have crossed the North Atlantic Ocean ten times, including a trip
to the West Indies, and have experienced a very great improvement
in the character of the ships and in the comforts of the journey. The
table on next page gives the Cunarders in which I have sailed, and, for
comparison, the first and the last ship of that Company. It is interesting,
to notice the evolution in length, size, power, and speed ; but it is in the
provision of food that the improvement is chiefly marked, for the fare
on board the Carmania allowed now in the third-class saloon is quite
as good as that provided in the first-class saloon thirty years ago.
Reading-rooms, writing-rooms, card-rooms, and delightful loitnges are
additional luxuries of space. Baths and lavatories exist in excess, and
not in the serious deficiency of the seventies, when one had to form a
unit in a long queue and waste long periods in waiting for one's turn
subject to the jeering smiles of passing lady passengers !

* Journal, Institution of Electrical Engineers, vol. vii., 1878, p. 22, "The American
Telegraph System."

Ibid., vol. xiii., 1884, p. 570, " A Visit to Canada and the United States in the year
1884."

Ibid., vol xxiii., 1894, p. 40, " Notes of a Trip to the United States and to Chicago,
I893,"
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But, above all, we in the Caronia passed through three severe gales
without the necessity of having " fiddles" on the tables, and without
any serious reduction in our numbers at meals. The twentieth century
long ships ride over the waves without pitching, and the ample bilge
keels check rolling, while the distribution of cargo, coals, and water
ballast secure better balance and trim. Were it not for fogs crossing
the Atlantic would be a luxury, but the low melancholy wail of the
deep-toned foghorn,'periodically emitted, makes a fog an incentive to
suicide. If radio-telegraphy and submarine signalling were universally
applied the foghorn would be unnecessary. Submarine signalling is in
its infancy, but the Caronia and Carmania are both fitted up, as well
as the new Cunard Leviathans, the Lusitania and the Mauritania.

The Caronia and Carmania are sister ships, but the one is fitted
with reciprocating engines, and the other with turbines (Parsons).
Their dimensions and propelling power are precisely the same, but
their propellers and revolutions per minute differ in number, size,
speed, and position.

The Caronia has two screws of 24 ft. diameter at the edge of the
blades, and the Carmania three of 14 ft. diameter. The revolutions
of the former are 80 and of the latter 185, but the immersion of the
turbine-driven propellers is so much deeper that they never come
out of the water, while those of the Caronia in stiff gales do come out
and " race," and give those nasty vibrations which led one of our past
presidents, now dead and gone, the brilliant Scudamore, to write :—

" O, the racing of the screw ! What the mischief shall I do
With this most malignant beating of an ill-intentioned screw ?

With the lifting and the thumping,
And the shifting and the bumping,

And the most unpleasant jumping of an evil-minded screw ? "

This experiment of the Cunard Company has been a momentous
event. It has led to the adoption of the turbine on their new
Leviathians, and there is no doubt that the advantage of the removal
of " racing" has had an immense influence in forming their judgment-
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The travelling public can only be grateful to the Cunard Company for
adding so much to their comfort.

NEW YORK.

The change in the sky-line as you approach New York is very
marked. The confined space in the lower end of the old town has
made land so valuable that it has forced building upwards, and New
York is now covered with Towers of Babel. My hotel, the Belmont,
has twenty-seven floors, five of them being below ground. It is
368 ft. above the ground—higher than St. Paul's. It is steel framed
like all these new buildings. It is beautifully equipped, thoroughly
well managed, and a most comfortable house to stay in—though it
does perceptibly vibrate in the upper floors in strong gales. My room
was on the seventeenth floor, and I had from my window a fine pano-
rama of the East River, with its great bridge, and of Long Island.
Messrs. Singer were commencing in Broadway a record building of
forty-one floors, and I had a grand opportunity of inspecting the founda-
tions. It has now been completed and occupied. It is 612 ft. high !
I also inspected the new McGraw Buildings—the home of the Electrical
World and all its allies—a fine and handsome ferro-concrete building,
and I spent much time in the lofty homes of Telegraphy and Telephony.
One of the most interesting and picturesque edifices is the office of the
New York Times. Its lofty, conspicuous, busy tower raises its head in
the upper part of the town with the graceful lines of a classical Italian
structure. It reminded me of Giotto's tower in Florence. It has thirty
stories, six being below ground. It is remarkable for the fact that the
subway railway of four lines passes through the basement, and that it
is built over Times Square station. This station is 4 miles from the
Battery and 4 miles from 145th Street, the other end of New York.
It is thus geographically the centre of Manhattan.

The backbone of Manhattan Island is a bed rock of gneiss—a
primary rock apparently free from earthquake disturbances. All the
new steel-framed and ferro-concrete buildings are based on this rock.
The highest building in New York from foundation to top is the above-
mentioned " Singer " building. European heights are—

ft.
Cologne Cathedral 512
St. Stephen's, Vienna ... ... ... 446
St. Peter's, Rome 435
Salisbury ... ... ... ... ... 404
St. Paul's 365

Some of these Brobdingnagian emporiums contain, during the busy
hours, ten thousand people. Their entry and exit together with their
intercommunications is a great problem of lifts and staircases. It is
astonishing how well it is done. The lifts are wonderfully rapid and
numerous,* and I was transported to my seventeenth floor in Hotel

* There are nine in the Hotel Belmont.
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Belmont in 30 seconds, quicker than we ascend from the entrance
hall to this theatre—only one stage.

The fear of fire in these great buildings, or " skyscrapers," is soon
dissipated, though since I returned home a building which I visited
has had an ugly experience. It is supposed to have been incendiarism,
excited by foreign political animosity, but it created no panic nor
involved loss of life, though it caused much loss of property. The new
" Singer" building has also had a fire on its fortieth floor, but it was
quickly subdued. The rapid clearance in busy hours of such populous
hives in case of panic is a knotty point, but there seems no misgiving
and no want of confidence in their stability and safety. Wood is now
made fireproof. American metallurgists and engineers are agreed
that the proper use of concrete, cement, and paint is an adequate pre-
servative against decay of iron. When the old Chicago Post Office was
taken down, after standing for twenty-five years, its wrought-iron beams
were found to be in perfect condition. A similar report was made of
the Palace of Industry in Paris, which was built of iron in 1862 and de-
molished in 1900. Iron was used in the construction of the obelisks,
and there may be seen to-day, apparently as strong as ever, the iron
clamps which held together the great stone blocks in the Parthenon
at Athens. Steel-framed concrete buildings withstood the earthquake
in San Francisco. I am, however, thankful that we are not yet driven
to extend skywards in Westminster.

There are no bells in the Hotel Belmont. All orders and communica-
tions are sent and received by telephone. There are 813 telephones in
this hotel, and from your bedroom you not only order your breakfast
or your tea by telephone, but you can speak all over New York and to
Chicago. I spoke to Philadelphia and to Boston with perfect ease.
On each floor there is a clerk who controls the telephone and attends
to all your wants. You mail your letters in a letter box near your door,
from which they descend by gravity from every floor to a mail box in
the central hall, which is cleared by the postman on his regular rounds.

A rapidly growing application of electrical power is the system of
cleaning by vacuum. It is known there as the Kenney Vacuum Sweep-
ing System. There is no need for brooms or mops or dusting brushes.
A vacuum is produced electrically in the basement by the ordinary supply
currents, and permanent pipes are laid into every room of the building,
to which a brass connection is made by a flexible hose, having at its
end apparently a rake but without prongs. Dust is thus bodily ex-
tracted from carpets, curtains, and even clothes, and drawn down to
a dust receiver in the basement, whence it is collected and removed.
Even cornices and picture frames are cleaned. It is used by the
ordinary housemaid. It is astonishing to see how rapidly the process
is carried out and how thoroughly it does its work. It is in actual
operation in the Belmont Hotel, where it keeps the place beautifully
clean. It seems to me excellently well designed for generating station
use, where dust is so essentially matter in the wrong place, and much
superior to the compressor system so much in use now.
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Though New York is a smokeless city, for they are compelled to
burn only anthracite coal, there is much sea fog, but not the dismal,
black, choky fog of London. One great feature—very evident from
my lofty perch—is the multiplicity of thin white streams of steam
emanating from every large building. It is curious that in New York
isolated plants are apparently the rule, and the Central Power Scheme
which has kept the Parliamentary Bar over here alive for several
sessions, and is likely to occupy the attention'of some of us for another
one, is not indigenous to America. The whole of the external electrical
supply of New York is in the hands of one enterprising company, who
do the work as well as it can be done, and have splendid load factors ;
but they have not put down the isolated plants. This, of course, is a
financial question, and not one of inefficient or insufficient supply. The
isolated dynamo is offensive to the central station man, but it may be
an object of desire to the user.

New York since my last visit has distinctly advanced in artistic
taste. The private buildings are very fine and the public ones
magnificent. I know no finer building in Europe than the Public
Library in Forty-second Street, and the parks with their museums,
the riverside drive, and the environs generally, are picturesque and
beautiful.

The most interesting edifices to us in New York are the home
of the United Engineering Societies (the gift of Mr. Carnegie), the
Engineering Club, and the McGraw Building. The first houses all the
engineering institutions except the Civil Engineers. It cost $2,000,000
(£400,000), and was built within the estimate. The three founder
societies are the Mechanical Engineers, the Electrical Engineers, and
the Mining Engineers, but all engineering institutions will be welcomed
as tenants. It is a tall building of thirteen stories above ground, and
each institution absorbs one whole floor. The main auditorium, or
theatre, seats one thousand people, and there are two smaller meeting-
rooms for papers and discussion.

Adjoining the Engineering Societies' building is the new club house
of the Engineers' Club. It is another lofty, handsome building of
thirteen floors above ground, overlooking Bryant Park and the great
Public Library. If contains magnificent suites of offices and rooms,
club and private, and numerous well-equipped bedrooms, together
with the inevitable bar and cafe. There are three lifts from basement
to roof. The tenth floor contains breakfast and private dining-rooms.
A stately banqueting-room with accommodation for three hundred is
on the eleventh floor. The kitchen and service-rooms are on the
twelfth and thirteenth floors. There is a roof garden, where in summer
meals and refreshments will be served.

In the basement are the barber's shop, boot-cleaning room, offices,
storeroom, cellars, and general conveniences, and in the sub-basement
heating, lighting, ventilating, and refrigerating plant. It was opened
immediately after my departure homeward, but it was finished, and I
was able to appreciate its luxury and completeness as a club. Would
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that we had such a club in Westminster ! Every American engineer is
quite proud of it, and with reason.

The McGraw Building is a fine example of reinforced concrete
work. I thoroughly inspected it while it was being built, and now
(1908) it is occupied. It is in West 39th Street. The neighbour-
hood is becoming the great business centre of New York. The
building has eleven stories, but it is only 159̂  ft. above the basement
floor. It is the publishing office, of the Engineering Record, Electrical
World, Street Railway Journal, and Chemical and Metallurgical Indus-
tries. The bed rock (gneiss) was found close to the surface, and the
excavation required was only 20 ft. deep. The concrete columns are
strengthened with steel angles covered with concrete for fireproof
and preservation purposes. They are founded on the rock, as required
by the Building Code of the City of New York.

A very artistic spirit in the establishment of these three buildings
was that of Mr. T. Comerford Martin, who in New York acted as my
guide, philosopher, and friend.

PITTSBURG.

The main object of my visit was the opening of the Technical
Schools of the Carnegie Institute in Pittsburg. There is a remarkable
difference between the United Kingdom and the United States in their
attitude to education. Here we expect the Government to do every-
thing, there they expect the millionaire to usurp the position of the
Government. There is no Supreme Board of Education or Minister
of Education. Every State has its own system, and the work of
university training and technical education is the result of private
munificence. Drexel, Armour, Rockefeller, and Carnegie have distri-
buted their millions with free hands. Pittsburg has already received
from Mr. Andrew Carnegie $20,000,000 = £4,000,000, but the manage-
ment is in the hands of a splendid board of trustees—all Pittsburgers.

The Carnegie Institute covers 4 acres, but other 32 acres given by
the city have been allotted to the Technical Schools. The main build-
ing has a facade 400 ft. long and a depth of 600 ft. The buildings
externally are severe and simple but classical, without any effusive
ornamentation, while internally they are more ornate, and when the
bright gilding tones down will be very effective. They are roomy
and well designed. The music hall, where the ceremonies were held,
is acoustically wonderfully good and quite handsome. The library
is well stocked and will eventually contain 1,500,000 books. It is
unique in this, that it contains a children's library and reading-room.
It is also a circulating library. The art galleries of pictures and
sculptures, and the museums of natural history, palaeontology, geology,
and mineralogy are being rapidly filled with objects of value and
interest. On April nth last the fifth department—technology—was
added, and the whole place was dedicated to literature, science,
and art. The ceremonies were impressive, the speaking admirable,
and the whole function most successful.
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The buildings of the Technical Schools were only adapted for
the first-year students, but as the course will be of four years it will
be another three years before the buildings will be complete, for
they are finished as each year is finished. It is intended to provide
for four thousand students ; there are now fifteen hundred. Building
operations for all are well in hand, but there seems little chance of
finality where the appliances of science are progressing with such
rapid strides. The slides which I have the pleasure of exhibiting will
give you a better idea of the place than any verbal description. «

We were first welcomed by the President of the Institution,
Mr. Frew, and were then received by the Mayor of Pittsburg and by
Mr. and Mrs. Carnegie. We then inspected the library, museum, and
art galleries. After lunch the dedication ceremony took place, and
Mr. Carnegie gave an admirable address, with sparkling extempore
flashes of wit and wisdom.

This magnificent gift was presented by the donor with the following
concluding words : " Take, then, people of Pittsburg, this gift from one
who owes Pittsburg much, who loves her deeply, and would serve her
well."

I want to chronicle the fact that I delivered an address on " The
Connection between Science and Engineering," and that I received a
degree of LL.D. from the Western University of Pennsylvania, known
locally as " Wup." It is the oldest university in the U.S.A., whose local
habitation will now be the Carnegie Institute. I am going to deal with
the question of technical education in America in another place.

Pittsburg is more interesting to us as being on the bituminous coal-
fields, having natural gas fuel, the great manufacturing centre of the
iron and steel, coal and glass interests, and the home of the Westing-
house factories. Pittsburg was. so named to commemorate William
Pitt, Earl of Chatham, the then Premier of England, whose son, the
great William Pitt, was born in the same year—1759—that Pittsburg
was founded by General Forbes. George Washington was an officer
on his staff. The blockhouse that was erected there that year still
exists as a relic of the past. The Allegheny and Monongahela rivers
unite there and form the Ohio, which then joins the Mississippi in
Cairo and flows to the sea at New Orleans. In 1796 its population
was only 1,400, it is now over 750,000. It is the fifth city of the U.S.A.

Some of us were handsomely entertained by Mr. Westinghouse, not
only in his works but in his private house. His works embrace the
older ones of air brakes as well as the more modern electrical industry.
I find that in 1906 the production of

*
Electrical and auxiliary manufactures was ... 45,000,000
Air brakes ... ... 10,000,000
Underground cable and wire ... ... ... 71,000,000
Railway switch and signals ... ... ... 5,100,000

Total $131,100,000
VOL. 41. 8
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This was for all Pittsburg, but the greater portion was turned out by
the Westinghouse Company.

Since my visit the great financial crash took place, and these works
suffered trouble, but the crisis was surmounted, and I hope and trust
that the Westinghouse Works are in full work again. They are very
extensive, admirably arranged, controlled, and managed. The long
galleries full of busy bees are easily inspected from bridges, which
cross them at the head of each department. They are thoroughly
well ventilated and well warmed in winter. The index system of
records is a pattern for every one, and the drawings of any one of two
or three hundred thousand orders executed are rapidly obtained. The
works are managed by the best experts in America. They have a
local technical society, and print their valuable papers, read for
mutual help and record.

TELEGRAPHY.

My report of 1877 w a s almost exclusively on telegraphy.
The progress in telegraphy at each period of my visits is shown by

the following table :—

Mileage of
wire

Offices open

Messages ...

Capital

Income ...

1877-

300,000

11,660

28,500,000

$60,500,000

—

1884.

433>726

13,600

40,000,000

$80,000,000

—

1893.

769,201

21,078

66,591,856

$123,000,000

$24>978,44O

1907.

1,321,199

24,760

148,804,000

§140,000,000

§32,856,406

The chief result of the first visit was to establish sound reading,
and to introduce quadruplex working in the Post Office system.

In 1884 the only novelty was Delany's " Multiplex," sending six
messages simultaneously on one wire, which we imported and intro-
duced into the Post system.

The Western Union Telegraph Company had adopted the British
Wheatstone system, and I saw circuits working very well from New
York and from Chicago to New Orleans.

The active warlike competition of 1877 and 1884 had ceased in 1893.
There was no war of rates. The only form of rivalry was good service.
Very great improvement in construction was visible, and underground
work became prominent. In Great Britain we had started in 1837
with underground wires, and have maintained that system on a large
scale ever since. The Americans, on the contrary, were forced most
unwillingly to place their wires underground by fierce legislative
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enactments, but they have now found that they were wrong in oppos-
ing it so strenuously. Their cities were made hideous by several rival
lines of poles streaming down their principal thoroughfares. It was
much better in 1893. There was no telegraphic improvement of any
note. Duplex and quadruplex working were in full swing. But the
typewriter for received messages had become quite fashionable.
Operators provided themselves with machines, and the telegrams were
delivered printed in bold Roman type—a great improvement on the
usual hasty scrawl.

There is one condition of business in the United States that makes
telegraphy there more profitable than in the United Kingdom. It is the
existence in the message supply of what we should now call a good
"message load-factor." In the United Kingdom we have but one
uniform Greenwich time. People deal with their letters everywhere
about the same time. There is a peak of telegrams in the morning,
and another, a smaller one, in the afternoon. But in the great breadth
of the United States, where there is a difference of time between New
York and San Francisco of 3 hours, the stream of messages is virtually
continuous. We may say that the message load factor in the United
Kingdom is 2,* and in the United States 6. Their great distances and
belated mails make telegraphy more necessary and instantaneous com-
munication of less consequence. The result is that these circuits carry,
on the average, three times as many messages in a day's work as we do.

In 1907 the system of Wheatstone automatic working has been
greatly improved practically by Mr. Barclay, the assistant general
manager of the Western Union Company, impressing the typewriting
machine upon both the sending and the receiving ends. An ordinary
typewriter typing a message actuates electrically a punching machine,
which punches a paper tape in the ordinary way. This punched strip
sends dots and dashes into the line in the usual Wheatstone way, so
that the conductor is transmitting currents on the Wheatstone system.
The receiving instrument is actuated by these currents, and reels out
bold Roman type printed on the usual received copy forms, which is
delivered to the public. It does this at the rate of 100 words per
minute, and while I was in New York one circuit to Boston cleared off
1,097 messages in 9 hours. This system has been adopted by the
Western Union Telegraph Company in preference to the Buckingham
or the Murray.

There were the following Barclay circuits at work at New York:—
Chicago ... .'. 6
Boston 2
Philadelphia 2
Buffalo 1
St. Louis ... ... ... 1

Pittsburg and Atlanta were about to be added.
In this system the operator does not require to know the Morse
* This means that if the whole day's work were continually in operation the

average would only occupy two hours of the t\venty*four.
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alphabet nor the manipulation of a key. She needs only to be a type-
writer. The instrument does the rest. It requires little work, and it
solves the much vexed question of skilled labour. As a matter of fact,
it aided materially to defeat the recent strike in the Western Union
Company from August to November last, for plenty of female opera-
tors were available to carry on the work after a very short training in
an ordinary typewriting establishment. It has reduced the cost of
working such circuits by one half, and it turns out perfect senders in a
fraction of the time required to form a skilled Morse operator. The
system is extending very fast. The Western Union Company is rapidly
installing it on all trunk lines, and if I ever visit America again I shall
probably find it the most popular service. It is very accurate. On a
Chicago circuit eight hundred messages were sent with only two
repetitions.

I also inspected the Rowland system, which is on trial on the Postal
Telegraph system between New York and Boston. It is a quick
automatic printing system dependent on the synchronous movement of
the apparatus at each end. It works octoplex—four operators at each
end having in succession the use of the single wire for a fraction of a
second, at rapidly recurring intervals on Mayer's system. It utilises
alternating currents. I was not so much impressed with this system as
with the Barclay. It is more complicated and dearer to work. It is
a mistake to imagine that speed of working is a great desideratum in
telegraphy. I commenced my telegraphic career in 1852 with Bain's
chemical recording system, which attained a speed of 1,500 words a
minute. The determining practical speed is in the handling of messages
as they come in. A speaker should not speak at a rate of more than
one hundred words per minute. Messages rarely pour in at greater
speed than this. It is found in practice that such a speed keeps down
the work on each circuit, so that it can be manipulated practically at
the highest speed and the lowest cost. If the messages pour in at a
greater pace than this then another circuit is necessary. Thus the
unit of a telegraphic system is a message, and it is the number of mes-
sages per hour and the number of working hours per day (the message
factor) that determine the number of circuits per trunk line.

The growth of telegraphy has everywhere been checked by the
growth of telephony, but the expenses have not changed in the same
direction. On the contrary, they have increased. The combined
companies in the States have found it necessary to revise and increase
their rates. The average increase adopted has been only 2 per cent., but
many anomalies have had to be regulated, and increments of from 30
to 66 per cent, were made. It is remarkable how quietly this was
received. It was a pure business transaction, and the Americans are
essentially business people. One cause of the greater cost was, how-
ever, the reduced working capacity of the human operator, who, in my
first visit, averaged twenty-five messages per hour ; now the average is
only seventeen. Hence the commercial value of mechanical systems
worked on the automatic principle.
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Our old friend, Mr. Delany, has designed an " autodot transmitter,"
which reduces the difficulty of learning to work the Morse key. It has
two levers, one for dots worked by the thumb and one for dashes
worked by the forefinger, moving horizontally with very light pres-
sure. The number of dots made depends on the period of pressure.
Thus any one with a musical ear can work a Morse key without any
fatigue and with much greater accuracy. It is not so dependent on
skill, and its use tends to cheapen operating charges.

He has introduced also an automatic system in which he has utilised
the static charge. His receiver is the Bain chemical recorder. He has
also introduced a secret system which prevents tapping or overhearing.
The autodot key is used. It is very ingenious. The impulses set up by
the key are sifted or disintegrated by a relay at the receiving end,
which will respond only to its own tuned key.

I saw these two systems working with great accuracy.
" What would they say in England " if the Post Office ventured to

raise the rates ? They are not very chary of criticism in the press even
now, but the severity of the remarks depends much on the paper and
the party in power. I read a month ago the following extract from a
Unionist paper : " In the Post Office management of the telegraphs
we have a striking illustration of the danger of permitting the State
to control a great industrial undertaking. When the telegraph com-
panies were bought out in 1869 it was confidently prophesied by the
Government of the day that the purchase would result in a large annual
profit, which would suffice to pay off the whole purchase-money in
twenty-nine years. Actually no profit was made at all after the first two
years, and the accumulated losses since incurred by the taxpayer now
amount to many millions sterling. These losses tend to grow greater
year by year, and the annual loss to-day is well over a million pounds.
With this ugly fact before it the nation would do well to think many
times before embarking on a far more serious venture."

No reference whatever is made here to the per contra. The
Press, with its ruinous rate of 26.. per 100 words cost at one time
^600,000 per annum. Messages are now delivered free. Nearly every
village in the country has its telegraph. Innumerable offices are kept
open all night. The railway companies have an immense free service
over the whole Post Office system. There is no capital account, and
all extensions and renewals are charged to revenue. The annual
income taken over was ^600,000. It was for the year ending March 31,
1907, ^4,369,227 ! The annual loss on paper may be one million per
annum, but the above per contra will wipe this out and leave the most
magnificent telegraph system in the world the free asset of the British
public—an asset which I once valued at ^30,000,000.

TELEPHONY.

In 1877 I witnessed the birth of the Bell telephone. In 1884 I saw
it developed into a strong and rapidly growing child. In 1893 it was a
robust youth ; and now in 1907 I saw it a matured man, with enemies
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buzzing around it to filch from it its good name and its well-earned
reward. There are seven thousand opposition independent companies
playing about. They have secured many important franchises and have
installed very many telephones, but I failed to obtain reliable statistics
and was not able to visit one of their exchanges. The Anglo-Saxon
loves competition, but he has yet to learn the lesson that reliable
telephone working is essentially the function of one single uniform
system under some controlling power, whether commercial, municipal,
or Governmental. The Post Office is an illustration of the advantage
of this single authority as regards letters and newspapers, and when the
telephones of the United Kingdom are entirely in the control of the
Government, as they will be in 1911, then we shall have an ideal
system controlled by the public, when the public grasps the concep-
tion that it is itself a part and parcel of the system, doing half the
work and amenable to the same rules and regulations. Now it loses its
temper, writes to the press, and causes irritation in the other half of

TABLE I.

Growth of Telephones.

Miles of wire ...

Telephones

Subscribers

Exchanges

1884.

115,255

162,787

123,625

1.325

1893.

440,793

.552,720

232,140

1,35!

1907.

7,468,905

3,553,4i8

2,74^367

4,889

TABLE II.

Telephones in Service, January 1, 1907, in American and European
Cities having over 1,000,000 Population.

London
New York
Paris
Berlin
Chicago
Vienna
Philadelphia ...

Population.

6,580,616
3,437,202
2,660,559
1,888,848
1,698,575
1,674,957
1,293,697

Telephones.

130,101*
279,047
62,370+
83,824!

126,436
27,54 if
95,9H

Telephones per
100 Population.

1-98
8-12
2<34
4"43
7'44
1'64
7-41

* Includes Post Office system.
f Estimated. Based on same percentage of gain as was attained in 1905.
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the business, with the result that the work done suffers. Knowledge,
forbearance, and mutual assistance are more essential in telephone
working than in any other social function we exercise.

Table I. speaks for itself. It shows the gigantic growth of the Bell
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DIAGRAM I.

telephone system in the United States. It does not include Canada or
the work of the Independent Companies.

Table II. gives an interesting comparison of big cities in Europe
and America.

Diagram 1 shows the growth in subscribers' stations up to
January 1, 1907.
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The type of instrument used has practically not changed. Trans-
mitter and receiver, whether made in America or Europe, are very
much the same in type and efficiency. The telephone receiver sprang
almost perfect from the brain of Bell, but. the transmitter has been
modified by Edison, Hughes, and many others, and is found in various
types not materially departing in efficiency or form from that used
in 1893.

The metallic circuit, which was only partially in use in 1893, is now
universally employed over the whole Bell system.

Here we divide our circuits into local, junction, and trunk, additional
telephones in the same building being called " extensions."

In America the local term remains the same, the junction is called
" trunk," and our trunk is called a " toll" or " long-distance " line. The
switchboards have not materially altered. The predominant feature
remains the multiple board. The divided board which I described in
1893 has not taken root. But the rapid growth of the system in large
cities has raised the question of the practical economic limit to the size
of the multiple board. No board has yet been made in America
to exceed ten thousand "jacks" for one multiple section. We have,
however, to provide for a greater number than ten thousand in London
as well as in New York.

It is found in modern practice that each operator answers on the
average one hundred circuits, and during busy periods it is possible to
place three operators at each section. I have seen four, but this is excep-
tional. Thus a ten thousand switchboard would require one hundred
operators distributed over thirty-three sections when working at full
pressure, but this is a very rare occurrence. It is much more common
to see only two operators, or even one per section, and in light hours
one operator can manage several sections, for the number varies very
much with the hour of the day. The number of calls at one section
which can be dealt with directly without the assistance of some other
exchange is comparatively small, and the cost of a complete multiple
board is so great (about ^1,000 per section) that it has been found
possible to work with partially fitted sections by treating all calls as
"trunk" calls. Thus in addition to " t runks" and "junctions" involv-
ing other distant exchanges we have to consider " transfers" in the
same exchange, and therefore a separate and distinct "connection
board" in another or even the same room. It is thus practical to
contemplate exchanges of 50,000 subscribers.

In New York Mr. Carty has introduced what he calls a " Partial
Multiple Board," and in London Sir John Gavey introduced a similar
board. The outgoing calls are largely in excess of the local calls, so
that the use of complete multiples is not economical. There is only one
complete multiple section on the main board in New York called " B,"
which has also all the incoming transfers and junctions. The incoming
subscribers' "answering jacks" are distributed partially but methodically
and consecutively over the other "A" sections, all of which are connected
together by " transfers." The subscribers' sections consequently have
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the out-going "jacks" multipled upon them, and the junction or con-
necting boards wherever they may be have the subscribers' "jacks" mul-
tipled. Local calls outside those immediately allotted to an operator are
dealt with by connecting lines between the sections on the main board.

The call is made automatically by the subscriber when lifting his
receiver. The section operator who sees it inserts an answering peg in
this " jack " and asks, " Number, please." When obtained she connects it
directly with the number if on her section, or to the proper transfer if
on some other section, passing on the number to the other operator who
completes the transaction. The automatic visual signal system makes
this possible and practical.
• I mentioned the fact that in the Belmont Hotel in New York there

are 813 stations and that each bedroom is a station. There is a local
switchboard in the clerk's room on each floor and a central one in the
main hall. This central switchboard is connected by forty junctions
with the Telephone Company's central suburban exchange, and from
each bedroom command is obtained of the whole telephonic system—
New York local, suburban, and long-distance. Greater New York has
a population of 4,550,000.

It is very gratifying to find that the automatic visual signal, which
has expelled the magneto and the ring-off, has become universal. It
was my invention, introduced in the Post Office in its first exchange in
Newcastle in 1880, and used in every exchange erected subsequently in
its system. I am sorry to say that, not having secured this invention by
patent in this country, I have failed to secure the credit of being its
author, although my paper of 1893 and published books fully record
the principle. It was introduced by the American Bell Company
with the central battery system using glow lamps instead of needles
without any acknowledgment. It is true that they used different
means, but the principle is that introduced in the Post Office system.

It is astonishing how the necessity for special buildings and the use
of electric power has increased. A ten thousand multiple board with
central battery and glow-lamp signals requires 500 amperes on the
average and 2,000 amperes on emergencies. The telephone exchange
thus becomes a power house of considerable capacity.

I was not able to inspect an automatic switch board. There was not
one at work near New York. I do not believe in automatic switches ex-
cept for small private branch or local exchanges. They assume the lines
always to be in working order and the called subscriber always at his
post I They are really more costly to work than manual boards, for
they want so much highly paid technical attention. They are certainly
less reliable. The failures of an automatic switch in Connecticut
were found to be fourfold of a manual one, and there was no prac-
tical difference in speed of connection, which, by the bye, I found
to be on the average 20 seconds. However perfect they may be,
they do not dispense with the presence of operators, and I failed to
observe in all the reports that I read of the meetings of the independent
companies any mention of the automatic switch. Human intelligence
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is essential for junction and trunk working as well as for inter-office
work, and this embraces more than half the average talks of a subscriber.
Automatic switches have been coincident with telephony. They were
tried and abandoned in Sweden long ago.

A vexed question here is the rate question, but in America it is
settled in favour of the measured rate. This system was started in Buffalo,
and was described by me in my paper of 1884. Every time the sub-
scriber used his telephone he paid 6 cents per message up to five hundred,
then 5 cents up to one thousand, and 4 cents for all over one thousand.

The business unit is a talk of 3 minutes, but the practical unit of
management is the number of talks per circuit per hour. This determines
the number of circuits distributed to each operator, and is the factor
that regulates the working expenses, and therefore forms the basis of
the rate charged for each 3-minute talk, or toll, as it is called. If
we dealt with local calls only the selection of a rate would be simple,
but as the largest proportion of the calls are transferred by junctions
and trunks elsewhere, much more capital is involved, many more
operators invoked, and the determination of a remunerative rate
becomes a difficult problem to solve.

The flat rate—a simple annual rental—is fallacious. It assumes
equality of use all the year round by every one. The busy broker pays
the same as the lazy lodger. It is an unfair mode of charging, and
unjust, for the man who is always replying to calls pays the same as each
one who originates the call. It also induces unnecessary talks, and there-
fore wastes both capital and labour—a heinous economical offence. It
impedes expansion, for necessarily the flat rate must be high for the
small user. It retards efficiency, for it tends to occupy the circuits
with frivolous calls when they are really wanted for important calls.
It is bad finance, for it does not exact payment by result, and it makes
the small user pay for the work done by the great user.

Hence every one in the United States of America has come round
to the conclusion that the toll rate is simple, fair, and just. It has been
adopted by our Post Office, and it is being assailed in the way all
novelties, especially if proposed by a Government Department, are
assailed in this party distressed country. It involves the use of meters
or counters to record each talk by the depression of a key by the
operator who manipulates the switchboard at the exchange. Every
user can very easily check the meter by depositing in a box a counter
for each talk completed. A month or two's experience will instil faith
in the accuracy of the meter*

The average number of talks per day per circuit in America is six,
but it is easy to get twelve talks per hour per circuit, and if the daily
load-factor is three/- then there would be thirty-six talks per day.
Now, on the average there are as many calls one way as the other, and
therefore each subscriber pays for half the talks, say eighteen per day
for three hundred days in the year. This means at id. per talk

* By day-load-factor I mean the number of hours the line would be occupied if it
were in continuous use.
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£22 1 os. per annum. This is taking three times the average of the busy
American who uses the telephone certainly more than the Englishman.

Large users are now getting their service done for less than cost
•price. Indeed, it is done at the expense of the small users. Is
that just ?

At Buffalo now a sliding mode of charging by results is adopted;
everybody pays for each oral message he sends. Every time he uses the
telephone he pays either 4, 5, or 6 cents, according to the number for
which he guarantees—6 cents for each message under five hundred,
then 5 cents up to one thousand messages, and 4 cents above one
thousand.

Since 1900 the construction of circuits has been revolutionised.
Lead-covered paper cables are made carrying 600 circuits. Even
pole lines carry 600 pairs of wires instead of 40. This is due to the
employment of aerial cables. Load lines on Pupin's method have
increased the capacity of underground work. There is now a good
working system of circuits from New York to Philadelphia, which
are nearly 100 miles apart. Underground work improves the service
and reduces the cost of maintenance. The work has become much
more solid and permanent, thanks much to Mr. J. J. Carty.

The telephone is not used as much in America for telegrams as it is
in the United Kingdom. Here it is a very great convenience. Being
virtually already a branch of the Post Office, subscribers can get a
telegraph office at all hours of the day, and they can send and receive
all their messages without any loss of time. They need not even write
them down; they can answer at once. Monthly statements are sent
by the Telephone Company of the number and cost, and payment is
made, as a rule, at once. It works remarkably well.

I was interested to see portable telephones in use in restaurants.
There are plugs in the walls like those we insert for portable electric
lamps, and when at lunch or dinner you want to speak to any one in
New York, a portable telephone is placed by your plate, and you can
eat, drink, and converse at the same time with your wife at home or
your partner in your office. I saw a great deal of this done. These
portable telephones are much used for sick-rooms, as, indeed, they are
with us.

T H E TELHARMONIUM.

Dr. Cahill's new apparatus is a synthetical method of building up all
that makes for pure and emotional music. It is a practical mode of
demonstrating the absolute accuracy of Helmholtz's theory of the
quality of sound. It is a mechanical, physical, electrical, and telephonic
mode of making and distributing music over a wide area.

The keyboard is like that of a piano or organ, but each key is a
simple switch which completes an electric circuit. A low-voltage
continuous current operates a relay bringing into action a fundamental
note and certain selected partials compounded of alternating currents
of variable frequency.

The action of the relay is mechanical. It lifts a balanced strip of
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wood along which are fixed contact pieces which set up the funda-
mental note and its required partials. The keys respond promptly.
Indeed, the action is virtually instantaneous. You see sparks and
flashes following the movements of the sliding bars, and you hear
clicks but no music. The energy is entirely in the electrical form. It
is not heard until the very last operation is performed upon an iron
disc at a distance. The manipulation of the keyboard and the use of
pedals and stops set up electric waves which are the exact counterparts
of the sonorous aerial vibrations it is desired to excite. These waves
are transmitted through insulated wires buried in the streets all over
a certain district in New York. The player controls everything, and
discourses sweet music of a character hitherto undreamt of. He,
by depressing a key, selects automatically the fundamental note and
its required partials—in other words, he forms the waves, regulates
their duration, modulation, loudness, and feeling. These waves are
distributed in their resultant form, and, exciting a Bell telephone
receiver, set up sonorous vibrations which distribute to all listeners
refined and beautiful music.

There are 144 inductor alternators in the New York machine. A
long shaft rotates with uniform velocity. It has mounted on it 144
toothed rims which correspond with each fundamental note it is desired
to transmit. The rotation is produced by a continuous-current motor of
185 H.P. The pitch is the frequency, the quality or timbre is the form
of the wave, modulation of loudness is obtained by varying the strength
of the currents, expression by the use of stops which mix the tones.

The effect is quite wonderful. The tones of a piano, violin, violon-
cello, harp, trumpet, clarionet, flute, and all kinds of music separate or
in orchestral form are manufactured in electric currents of varying
frequency, amplitude, and duration, and the result is a new music. It
requires great skill to perform, but the purity of the notes and the
quality of the music emitted is superb. The receiver that produces
the music is a large Bell receiver, and the effect excites one's wonder at
the marvellous property of the little iron diaphragm of reproducing
the innumerable sonorous vibrations of the human voice or of the
well-equipped orchestra of the Opera House.

This is the marvel of the telephone. I never use a telephone
without thinking of how little we know of the molecular disturbance
of a conductor which conveys those currents that distinguish the
voices of our friends and relations separated by great distances, and.
that produced the " concord of sweet sounds " that excited my admira-
tion in New York. Even the flame of an arc lamp by this means emits
music.

The inventor of this new music is Dr. Thaddeus Cahill, and his
original plant was fixed at his home, Holyoke, Mass.; but I am not
much impressed with its commercial value, for the time, labour, and
money expended on the plant is very great and the performers to
manipulate it must be very highly skilled. I cannot hear of its making
any progress.
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ELECTRIC LIGHTING.

In 1884 the electric light was so little advanced that I had to refer
only to the objectionable practice of street arc lighting by means of
overhead wires excited by dangerous high-tension currents. As a
matter of fact, we were almost as well advanced in the United
Kingdom, for the first generating electric light station in the world
had been at work at Holborn Viaduct since January, 1882. The City
Temple was the first place of worship and St. Martin's le Grand the
first post office to be illuminated electrically. It was, however, very
different in 1893. Public street lighting had been adopted by prac-
tically all towns and villages in all parts of the United States. Arcs
were being used very much for shop lighting and for advertising.
Internal glow-lamp lighting was very general. Isolated plants were,
however, the fashion.

Table III. gives the position of affairs in New York when I was
there last year. It speaks for itself and shows the immense progress
made. In Table IV. we show London.

The city of New York is made up of five boroughs :—

Manhattan
Bronx ...
Brooklyn
Queen's
Richmond

Population, 1900.
... 1,850,093

200,507
... 1,166,582

I53,OOO
67,021

Area in Square Miles
2 2

39
66

124

37

3437,203 308

TABLE III.

The New York Edison Company.—Total Installation, April, 1907.

'Manhattan

"Bronx

Yonkers ...

'Brush

Totals ...

Cus-
tomers.

54,i85

2,352

i,3H

88

57,936

Meters.

68,035

3,254

1,461

72,750

Glovv-
Lamps.

2,535.268

121,195

35-786

2,242

2,694,491

Arc
Lamps.

33.602

1,898

456

314

36,270

Heating
Appli-
ances.

k.w.
739

5t

5

795

Storage
Batteries.

k.w.
4,296

IS

1

4.312

HP.
Motors.

I44-75O

2,452

550

10

147,762

16-C.P.
Equiva-
lents.

4.931.529

168,549

50,072

5,091

5.155-24I

* City of New York.

The New York Edison Company, so ably managed by Mr. J. W.
Lieb, jun., has virtually the monopoly of electric supply in Manhattan—
a long island, densely populated, 13I miles long, and about if miles
wide.
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TABLE IV.

London Electricity Supply.

Borough Councils

Companies

Total ...

Plant
Installed.

Kilowatts.

54,197

195,252

Maximum
Load.

Kilowatts.

34,9JI

88,338

123,249

8-C.P. Lamps
Connected.

2,328,253

5,953,982

8,282,235

Units Sold.

51,179,778

127,063,504

178,243,282

It distributes energy on the 3-wire continuous-current system at
240 and 120 volts.

It has four generating stations—

Duane Street,
East 12th Street,
West 26th Street,
140th Street, Bronx,

supplying direct to their immediate neighbourhoods and one great
modern Waterside station, generating high-pressure 3-phase alternat-
ing currents at 6,600 volts transformed down to 240-120-volt continuous
currents at fifteen sub-stations.

I made a careful inspection of this great waterside station which
many of you saw in its incipient stage. Now it is a standard American
generating station of great size. It has been duplicated already. There
are two separate and independent stations alongside each other. It is
fitted right up-to-date with every approved apparatus and process.
I was much impressed by the action of a controlling officer in the
inspection gallery, who has command not only of the whole combined
station but of all the outgoing mains and the other generating stations,
and who can so distribute the outgoing load that the pressure can be
maintained very constant on each feeder and the load well distributed
to the different sub-stations.

' The two stations combined handle 150,000 k.w. The old station
(1902) has only a few turbines of small units, but the new station
(1907) will be completely equipped with 8,000-k.w. turbo-generators,
the present favourite unit.

While I was at New York (April 20, 1907) the elasticity of this
system was severely tested. A 5,000-k.w. turbo-generator broke down,
and a 4,000-k.w. reciprocating plant failed at the same time. The two
stations were working in parallel. The pressure dropped perceptibly
for some minutes in the upper part of the town, but it was not affected
in the lower part, and the system was soon restored to its normal
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condition. It was a grand test of the flexibility and reliability of the
New York Edison system.

I give a diagram below showing a maximum load on a winter's day.
There is another allied company, called the United Electric Light

and Power Company, supplying 2-phase, 6o-r>o alternating currents at
7,500 volts, stepping down the voltage and changing the frequency at

K.W. .

uzpoo

fthOQO
9bpOO

60,000

CfjOOO

4Sfi00

a&poo

jepoo

o

2

V

4/

2

L

\

l

IFU,

T l

A

T

£

-De

—^

A.M.
6 7 i S

SIDE-
c T}^'

/

AUai3,t90^.

-St

/
/

/
!

1

1
1

10 !

i

I

1

1
1

— —
——

Hours.
\t i

,—'

v
\lV

2 3 A
P.M.

6 7

IT?

dtH11
\
\ 1
\

/

V
y

—

//

- \ 5 !

fit

\

\
\

*V
\\

8

I

1

9

\

10 1

s\
N

\
\

\
\

\

\

12

\
\

\

12 I 2 4 5 6 7
A-M.

a 9 10 11 \z 1
Hours.

DIAGRAM 2.

4- 5 6 7 6 9 10 II 12
P.M.

sub-stations by motor-generator sets to the normal distributing voltage.
. Its generating station is on the East River at East 29th Street, not very
far from the Edison Company's waterside station, which, it has occasion-
ally helped to get over sudden and high peaks. Thus on December 14,
1906, the waterside station supplied up to 86,400 k.w., the four low-
tension steam stations up to 102,400 k.w., the 7,500 volt supply up to
112,000 k.w., and the batteries up to the top of the peak. The water-
side station is now duplicated and is independent of external help.

The Curtis turbo-alternator is in great fashion in America, prin-
cipally .because it is American, but being vertical it occupies smaller
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space than the Parsons. The American is very patriotic. " America
for the American" is their commercial battle-cry. They often employ
inferior processes simply because they are American.

However, in this case the vertical Curtis turbine has justified its
selection for some very accurate and careful tests of an 8,ooo-k.w. engine
supplied to the Fisk Street station, Chicago, gave 14,132 k.w. at 750
revs, per minute with a water-rate consumption of 13*13 lbs. per kilo-
watt-hour, which was equivalent to 9*85 lbs. per E.H.P.-hour, the steam
pressure being 194 lbs., the superheat 1500 F., and the vacuum 29*31 in.
This was on a twenty-four hours' "exhaustive test which was made while
I was in the United States by Messrs. Sargent and Lundy, the well-
known consulting engineers, of Chicago.

The charges for electrical energy are bas.ed on a sliding scale varying
with the load factor. They are—

10 cents per unit, including the third and fourth hours.
7l cents per unit, including the fifth and sixth hours.
5 cents per unit all hours in excess of six.

Contracts on agreement terms are entered into with large consumers
under guarantees. This gives the supplier a much freer hand than the
legal restrictions defined by our unfortunate Act of Parliament which
we cannot get reformed.

I mentioned the New York Times' " skyscraper " as one customer
who used electric energy for every purpose connected with the daily
manufacture, printing, and issue of a newspaper.

In comparing the tariff for light with ours at home, it must be
remembered that in America it is a charge for " l ight" and not for
electric energy as with us. The American companies not only renew
the lamps, but they maintain them in thorough efficiency. Lamps are
removed when they deteriorate too much, and deterioration in time
is unfortunately a serious characteristic of carbon lamps. It is not so
serious a question with the new metallic filaments.

I visited the Electrical Testing Laboratory in East 80th Street, New
York, which is under the charge of Dr. Clayton Sharp—an extremely
well-equipped and well-manned institution for exact measurement and
for commercial electrical testing. It is also employed for research—
the basis of all electrical advance. It is a business enterprise
supported by the electrical industry. In the year ending April 30,
1905, thirteen million lamps were tested, and the effect has been to
improve the quality of the lamps manufactured in the United States.
They are very much superior to those manufactured in this country.
The laboratory is supported principally by the manufacturers them-
selves. We hope, with the aid of the Board of Trade and the
National Physical Laboratory, to produce the same results in this
country. The Engineering Standards Committee is about to take up
an investigation of the efficiency of the new metallic filaments and to
frame a specification and its necessary standards. The tantalum and
tungsten lamps are making great progress in both hemispheres.
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I saw tested some tungsten lamps for street lighting that were
very promising. They had short, thick filaments, taking io volts and
5 amperes, or absorbing 50 watts. Their candle-power was 40. Of
course they were connected in series, and it was proposed to excite
them 200 in series with 2,000 volts.

The prominent development of the electric light in America is its
use for advertising. New York is illuminated with glaring sky signs.
The streets are one blaze of light by night, but the effect is not artistic.
It is, however, commercial, for it aids materially the increase of the
load factor, and it is therefore a very profitable and welcome customer
to the purveyors of electrical energy. The flame arc is as popular there
as it is with us.

ELECTRIC RAILWAYS.

Electric railways were making a good start in America in 1893.
They were practically all on the same pattern—trolley wires, con-
tinuous currents of 500 volts, rail returns, supplemented by heavy
copper rods buried in the ground. The third rail system was intro-
duced on the intra-mural line in Chicago. In the power houses
countershafting was the rule. The two chief questions on their trial
were : first, the use of one motor and bevelled gearing per car, or two
separate motors, one on each wheel axle ; and second, the removal
of the contact rail and return to a slotted conduit underground.

There are now three great railway systems working electrically in
New York merged into one system, called The Interborough Rapid
Transit Company:—

1. The Metropolitan Street Railways.
2. The Elevated Railways.
3. The Subways.

The New York Central and Hudson River Railroad is also equipping
its suburban and main lines with electric traction.

1. The Metropolitan Street Railway means the surface tramway
system of New York and Bronx. It extends northward 33 miles from the
Battery, and embraces about 500 miles of single track. It is impossible
to conceive a more favourable position for such a service than that in
Manhattan. The tramways pass through a densely populated district
where the business is all done at one end and the domestic and social
conditions are found at the other. There is a wave of population
transported in one direction in the morning and in the other direction
in the evening, while a large permanent and continuous exchange
takes place during the whole day. Its earnings are considerable, but its
finances have been strangely " pingponged," and disastrous panic has
followed since my visit. The service in Manhattan is of the metallic
circuit and conduit type, which has been so satisfactorily followed in
London by the London County Council. That in the northern section
is trolley overhead and much is only single track, for the northern
district is but sparsely populated. :

VOL. 41. 9
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There are over 200 miles of conduit track. The pavement is asphalt,
granite sets, and wood block—the last seems the most favoured. It is
very expensive, but the end justifies the means. The conduits are
divided into isolated sections at approximately half-mile distances apart.
There are two generating stations on Manhattan, transmitting alter-
nating currents at 11,000 volts 3-phase and 25 0 0 to sub-stations, where
they are transformed down to low-tension continuous currents for
distribution through the conduits to the cars. The units are 3,500 k.vv.
each reciprocating engines directly connected to the alternators. The
load factor varies from 60 to 65 per cent. The service works well and
the fares are very moderate.

2. The Elevated Railways of New York frequently carry 1,000,000
passengers a day. Their motive power was completely changed from
steam to electricity in 1903. The carrying capacity was increased
33 per cent., and the working costs were reduced from 55 per cent, to
45 per cent, of the gross receipts.

The generating station on East River is equipped with 3-phase
alternators driven directly by reciprocating engines at 11,000 volts and
25 r^j, which is transmitted to sub-stations by underground mains.
Here rotary converters supply continuous currents at 625 volts to the
third or contact rail, the return being by the track. It is a very fine
station and has four circular stacks, 17 ft. diameter, and 278 ft. high.

The units are 8,000 H.P. with 5,000-k.w. alternators. The net
output reaches 700,000 k.w.-hours per day. I did not visit this station
but I am told that turbines have been or are about to be installed
there.

Each six-car train consists of four motor-cars and two trailers.
Each motor-car has two motors of 125 H.P.

There is no doubt that the change- from steam to electric traction
has been a very great success, and it has met with universal ap-
probation.

3. The Subways. This is an ideal metropolitan underground electric
•traction service. It extends from one end of Manhattan to the other.
It has four lines, two for local stopping traffic and two for rapid express
service. There are 48 stations, 23'57 miles of subway and elevated
structure, and 72-6i miles of single track. The subway is generally
built with steel columns supporting the street such as we can see in
London under Kingsway, and such as was inaugurated in Buda-
Pesth in 1898. Reinforced concrete has also been very much used. It
has nothing to interfere with or impede its service but its own traffic.
There .is no difference in fare between local and express trains. It
works well, and is from the public point of view a great success.

I was taken over the Subway by Mr. Deyo, the chief engineer.
A peculiarity of the line is that there are short acceleration in-

clines at each station on both roads, to assist the necessary rapid start.
The following condition in the contract is noteworthy : " The railway
and its equipment constitute a great public work. All parts of the
structure where exposed to public sight shall be designed, constructed,
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and maintained with a view to the beauty of their appearance as well
as to their efficiency."

The power house is on the Hudson River at West 58th Street.
Its capacity is 100,000 H.P. There are six sections each complete in
itself with its own chimney, each serving twelve boilers. The engines
are connected directly to 5,000-k.w. alternators. The chimneys are
supported on steel columns, which gives additional boiler space. Thus
all the boilers are on one floor level. Forced draft is used. The
turbine, as with us, is coming into favour owing to its extreme flexi-
bility. There are eleven 5,000-k.w. reciprocating engines and alter-
nators at 25 (\J, and four 1,250-k.w. turbo-generators at 60 f\J for
lighting. The distribution is by 3-phase alternating currents at 11,000
volts to sub-stations, where they are transformed down to 625 volts and
converted by rotary converters into continuous currents for traction at
eight sub-stations. The current is picked up on a third rail and
returned on one rail of the track. It is curious that this dangerous live-
rail system instead of the safe two-rail system employed on our "Metro-
politan system has been adopted in America.

The rolling stock does not differ very much from that introduced on
our Metropolitan lines. The Subway cars seat fifty-two persons. The
local stopping trains are made up of five cars, three being motors; the
rapid express trains of eight cars, five being motors. The latter run at
2^-minute intervals. The motor-cars have two 200-H.P. motors on one
truck.

The Subway signal system on their express line is the electro-pneu-
matic block and interlocking system, worked automatically without
signalmen. It has been partially introduced in London on the Metro-
politan District Railway. It makes for safety and reliability, and it tends
to increase the train capacity of a railway. The removal of the working
of the mind of a tired signalman removes the principal cause of accidents
on railways. Stopping trains can be started at one minute intervals on
the New York subway line. The moving energy on the switches and
interlocking gear is pneumatic pressure, the controlling power is the
electric current. The circuit is completed mechanically by the passing
train.

Air compressors are fixed at certain stations along the line, which
are pumped up by continuous-current motors served by a special
circuit. They automatically maintain the pressure at about 60 lbs. in
2-in. pneumatic tubes. This pressure, switched on or off automatically
by the passing trains, lowers the signals behind. The signals are both
semaphore arms and colour signals illuminated by two glow lamps
and coloured by glass screens moved in front. On each home
signal-post there are two semaphore arms and lamps placed in a
vertical line, the upper being the home signal itself and the lower
a repeater of the forward distant signal. Thus the lower signal is
always the repeater signal of that in front of it. The lower signal
of 3 (Diagram 3) is a yellow light showing 2 to be at danger,
while 4 is at green. The danger or imperative " stop" signal is
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always reef. A yellow light on the distant repeater means "caution."
It indicates that the distant signal is at danger. A green light always
means "clear" or "proceed." The signal lighting is by a special
alternating-current circuit independent of that used for traction.
There is also an emergency cut-off on every station platform to warn
and stop all passing trains if there is danger or accident ahead, and a
" trainstop " if a train attempts to pass a signal at danger. The former
is a precaution against panic and accident. The second track rail
is used for these electric signal purposes. The block sections (Dia-
gram 3) have an overlap which is the section—invariably 800 ft.—
between the home signal and the next distant signal. It is usual to
make the absolute block section between home signal and home signal,
but on the Subway the passing train automatically clears the overlap
of 800 ft. and enables the following train to come on to the next
forward distant signals. Thus the driver of the train always
knows the signals in both the sections in front of him. The distance
between these signals is 800 ft., and between trains 2,400 ft. There
is always a clear block section existing behind a train. It is a perfectly

;< 800 ><*• 800 4«- 800 -** 800 *<

DIAGRAM 3.

safe system where the speed of the trains is limited to, for the local,
15 miles per hour, and to 30 miles for the express where the overlap is
longer, but it very much increases the number of signals to be main-
tained. On the other hand, it dispenses with a great many signalmen
—a much dearer commodity.

NEW YORK CENTRAL AND HUDSON RIVER RAILROAD.

This railway starts from the Central Station and skirts the Hudson
River, and is the great north artery from the City. The main line is
being equipped completely for electric traction to South Croton, a
distance of 34 miles on the Hudson Division, and to White Plains,
24 miles on the Harlem Division. This is called its electric zone. It
is an interesting experiment, for it is the first main line in the country
that has seriously tackled main line working in all its branches by elec-
tricity. There will be four tracks throughout, so as to separate the
suburban from the through traffic. Hence heavy electric locomotives
became necessary for the through coaches between New York and
Croton and White Plains.

The electric system at the power house is 3-phase alternate currents
of 11,000 volts and 25 rvi, which are distributed to eight sub-stations,
where they are transformed down first to 450 volts, and then acting on
rotary converters generate continuous current at 660 volts, which is
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supplied to the third contact rail. The return is by the track rails.
The live or contact rail is very well protected along its whole length
by a wooden sheathing. It is a bullhead rail, 70 lbs. per yard, insulated
with porcelain blocks, and fixed outside the track. The contact is
made on the lower surface of the rails by curved contact shoes.

The New York power house is at Port Morris, but a second one is
at Yonkers—each being on the waterside and on the railway for coal
supply and ash removal. They are identical in general design, and are
cross-connected electrically for mutual help. Each will have installed
30,000 k.w., and they have each a space capacity for 60,000 H.P. The coal
bunkers are built over the boilers, so that the fuel descends by gravity to
the mechanical stokers (Roney's). Their capacity is 3,500 tons. The
stacks (two) are 15 ft. 6 in. in diameter, and 250 ft. high. Curtis turbines
are installed, the unit size being 5,000 k.w. Each is to contain six
sets, connected directly to 3-phase alternators of 11,000 volts and 25 no .
The exciters are also turbo-generators of 150-k.w. capacity, furnishing
continuous currents of 125 volts, and having a battery of 74 cells and
1,200 ampere-hours capacity as a regulator and stand-by. In fact, every
known successful process of producing economical results and securing
safe and efficient service has been adopted. It is worth noting that
the value of uniformity, harmony, and standardisation is so much
appreciated for self-help that all the railway power houses in the neigh-
bourhood of New York adopt 3-phase alternating currents of 11,000
volts and a frequency of 25.

The chief novelty introduced is the separation of the switch appa-
ratus in buildings separated from the engines and boilers by a distance
of 40 ft. This is for safety, security from fire, and better service where
high tension and oil are in use. Here also is placed the battery and its
apparatus.

In each place there is a load dispatcher's office, where the proper
distribution of power over the system is regulated both during regular
work and in case of accident and trouble. A record board indicates
by visual signals the apparatus and lines in and out of service. There
is a distinct telephone service interconnecting power houses, sub-
stations, and train dispatchers over the whole electric zone.

Each sub-station is equipped with a battery to smooth out momen-
tary excessively heavy calls for current, and to be prepared for momen-
tary interruption of supply of energy from either power house. There
is also a special gallery for lightning arresters. There are three rotary
converters of either 1,000 k.w. or 1,500 k.w. in the case of the Grand
Central and Mott Haven sub-stations.

The locomotives weigh 95 tons, and carry four series-wound motors,
one on each driving axle, giving a maximum of 3,000 H.P. The arma-
tures are mounted directly on the axles, and the field magnets are
attached to the locomotive frame. They are designed to accelerate
at i"5 ft. per second, and to drive a train weighing 500 tons at 60 miles
an hour.

The cars for suburban service are of steel, and will seat 64 persons
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They are fitted up on Sprague's multiple-unit system. The motor-cars
have two motors of 200 H.P. each on one bogie.

Most careful experiments were made by the railway company at
Schenectady upon an experimental line of 6 miles to determine the
relative efficiency of steam and electric locomotives. The latter gave
superior results. The time required to reach the speed of 50 miles per
hour was in the former 203 seconds and in the latter 127 seconds.

The signal system is virtually the same electro-pneumatic block
and inter-locking system as that on the Subway, but the signal-posts
being in the open country are more massive and striking.

The preliminary tests all tend to show that electrical traction will
be more economical than steam traction, but we shall wait anxiously
further experience of real and completed work, for our experience in
London is not so promising as regards costs. This, however, admits
of explanation.

Electrical traction makes for quick acceleration, shorter intervals
between trains, frequent stops for local service, independent lines for
express service, the removal of products of combustion, purer air, and
more general comfort. All these points support the doctrine pursued
in America that competition is to be checked by the development of
suburban traffic by electric traction.

The New York Central Railway in 1902 decided to adopt the electric
system. They had the man to rely on to carry it out (Mr. W. J.
Wilgus), and they did it in no half-hearted way. They went the " whole
hog" without hesitation, and now they are very near completion.

The electrical portion has been in the very competent hands of Mr.
B. J. Arnold, of Chicago, and Mr. F. J. Sprague. Mr. Katte is the resident
electrical engineer. The contractors are the General Electric Company.

I am not quite sure that they were wise in adopting the continuous-
current system, for the alternating current has superior advantages.
At the same time the weight of American experience supported
them. It is quite certain that a great mistake was made in London, but
this was entirely due to the importation of foreign influences. Important
experiments with alternating currents are being made in America on
the New York, New Haven, and Hartford Railways, and in England on
the London Brighton and South Coast Railway and the Midland Rail-
way, which will infallibly solve the problem. The experience in Italy
continues to be most satisfactory, and Germany is very actively de-
veloping the system. My own faith is unshaken in the merits of the
alternating current for traction purposes, and my belief that the
3-phase, from the purely electrical point of view, is superior to the
single phase. At the same time the single phase has distinct mechanical
advantages, which may give it practical superiority. We shall soon
have the problem solved.

WIRELESS TELEGRAPHY.

Wireless telegraphy was scarcely discussed at any of our meetings.
As a business it is frosted out. No one talked about it. I spoke,
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however, by long-distance telephone with Mr. Fessenden, who was at
Brant Rock, beyond Boston, and I was very sorry that I could not
accept his invitation to visit him on his transocean station and see
some of his very practical experiences.

Considerable trouble arises from the use of the American Morse
alphabet on the other side of the Atlantic. The adoption of the
European code would be a wise movement.

STANDARDISATION.

I had a long interview with Mr. Halsey, the editor of the American
Machinist, on the question of weights and measures, which has been
under considerable discussion out there. The American engineers are
very conservative over the retention of the British inch. They fully
concur in the acceptance of the metrical system for physical, chemical,
electrical, and generally for scientific purposes, for science is so cos-
mopolitan that it demands a universal language of terms and units.
It is, however, different where we deal with the applications of science
in the engineering world and when we enter the workshop. The
Anglo-Saxon workman is wedded to the foot rule. His sense of touch
makes him appreciate and understand the thousandth of an inch, for it is
just the difference between a good and a bad fit. The closest metrical
analogue is the fortieth of a millimetre, but this is only an approxima-
tion. Neither the metre nor the inch is a natural unit. The metre is
known to be quite wrong, and the only definition of the inch is " three
barleycorns in a line."

There would be no difficulty in working either in metres or inches
if the latter were only an aliquot part of the former, but unfortunately
their relation is only expressible by an interminable decimal fraction.
If the metre were exactly forty inches all difficulties would cease. But
this can only be done now by changing the metre or the inch or by a
little give and take on both sides. It is an international question.
The proposal to make the metrical system compulsory seems scarcely
within the range of practical politics at present, for the Anglo-Saxon
race of manufacturing engineers is nearly unanimous against it.

GENERAL REMARKS.

It is quite impossible to draw any comparison in economic or
practical results between the United Kingdom and the United States.
The climate in the two countries is so totally different that the
lethargic Cockney on one side of the Atlantic becomes the mercurial
Yankee on the other, and vice versa. The accumulation and circulation
of wealth, the value of money and commodities, the activity of life, the
pressure of social existence, the cost of living are on different sides of
the datum line.

There is no reason why there should be any difference in practical
progress in one country more than in the other. Our experience is the
same, our literature the same, and our science. Mutual intercourse is
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easy and frequent. We are always received there with the warmest
hospitality, a great characteristic of the American, and we endeavour
to reciprocate. My visit was not shadowed by a cloud even as small
as a man's hand. The weather without was most inclement and
execrable, but it did not affect the sunshine within. I was received
with open arms everywhere, and everything was freely placed at my
disposal. I should like to express my thanks to all, but their number
was legion. It was a thoroughly enjoyable and appreciated visit.

The Institute honoured me—their sole honorary member now—by
putting me in the chair at their opening meeting in the New Engineer-
ing Society's building, and I felt quite at home.

The new magnificent Cunarders make Atlantic crossings a luxury,
and there is no more healthy inspiring and energising trip than a visit
to New York in late spring or early autumn.

The PRESIDENT : Gentlemen, you will evidently agree with me that
our hearty thanks are due to our Past-President for the magnificent
display of energy that he has exhibited this evening in giving us this
long and interesting account of all that our American friends are doing
in matters that so much interest us.

The resolution was carried with acclamation.
The meeting adjourned at 9.53 p.m.


